1 The response of plants to herbivory usually varies with the grazing regime experienced. We investigated (i) if the timing and frequency of grazing affected plant growth, (ii) if faeces deposition by herbivores stimulated plant growth, and (iii) if grazing affected the total nonstructural carbohydrate (TNC) reserves in the below-ground vegetation of two arctic graminoids, Dupontiafisheri and Eriophorum scheuchzeri. 2 This study was conducted in polygon fens exposed to intense summer grazing by greater snow geese (Chen caerulescens atlantica) on Bylot Island (73?N) in the Canadian High Arctic. We manipulated the frequency (once or three times) and the timing (early, mid or late in the season) of grazing and faeces deposition in controlled grazing trials using captive goslings. 3 Although ungrazed plants were taller than grazed ones at the end of the season, data on cumulative tiller elongation (net above-ground height production) showed that plants grazed once or three times produced new foliage after each defoliation in both species. However, neither grazing (presence or absence) nor its frequency affected the net above-ground primary production (NAPP) or the number of tillers at the end of the summer. Nitrogen concentration was highest in plants grazed three times, intermediate in those grazed once, and lowest in ungrazed plants. 4 Timing of grazing and presence of goose faeces with or without grazing had no effect on plant growth. 5 Eriophorum plants grazed three times had less TNC in their below-ground tissues than ungrazed plants, and the trend was similar in Dupontia. 6 Dupontia and Eriophorum were able to compensate for leaves lost to grazing and to maintain production at a level similar to ungrazed plants, but at some cost (reduced below-ground reserves). The absence of an effect of faeces on plant growth may explain the absence of a positive effect of grazing on NAPP (i.e. overcompensation) in this ecosystem.
Introduction
The consumption of living plant tissues by herbivores impacts directly upon plant production, growth and reproduction ) and, intuitively, we would expect these impacts to be deleterious. However, according to the model developed by McNaughton (1983) , moderate grazing on plants can sometimes be followed by an increase in net aboveground primary production (NAPP). Although this model has been investigated in many plant-herbivore studies, it still remains the subject of controversy (Belsky 1986 (Belsky , 1987 Belsky et al. 1993; McNaughton 1979 McNaughton , 1983 McNaughton , 1993 .
Most studies of plant-herbivore interactions involving vertebrates have centred on mammals. Few birds are herbivorous (exceptions include grouse and geese) and their distribution and/or impact on plants are usually more patchy than mammals . However, over the last 20 years, many goose populations worldwide have increased considerably (Reed 1990; Cooch & Cooke 1991; Ebbinge 1992; Owen & Black 1992) . The potential impact of grazing by geese has thus increased in several plant communities where they have become one of the dominant grazers (Kerbes et al. 1990 ). Hence, goose-plant interactions have received much attention lately (Hik & 906 Growth response of arctic graminoids to grazing Jefferies 1990; Kerbes et al. 1990; Hik et al. 1991; lacobelli & Jefferies 1991; Hik et al. 1992; Zellmer et al. 1993; Belanger & Bedard 1994; Vickery et al. 1994; Gauthier et al. 1995) .
Geese are migratory birds that winter mostly in temperate coastal areas and breed colonially in arctic or subarctic tundra where plant production is low. Response of plants to goose grazing vary depending on the plant community involved and the grazing intensity. Moderate grazing by geese increased the phytomass production of salt-marsh communities dominated by Puccinelliaphryganodes and Carex subspathacea along the west coast of Hudson Bay, Canada (Cargill & Jefferies 1984; Hik & Jefferies 1990 ), or by Plantago maritima in coastal Netherlands (Prins et al. 1980; Prop 1991) , as predicted by McNaughton's model. In contrast, moderate grazing had little impact on plant production in dry coastal grassland communities dominated by Festuca rubra along the Hudson Bay (Zellmer et al. 1993) , or on graminoid plants in polygon fens of Bylot Island (Gauthier et al. 1995) , but it reduced the production in sedge meadow communities in East Greenland (Madsen & Mortensen 1987) . Finally, intense goose foraging has led to the nearly complete destruction of the salt-marsh in some coastal areas of the Hudson Bay (Kerbes et al. 1990 ).
Several factors may account for the variability of plant responses encountered in grazing studies. First, the timing may be critical as the ability of plants to recover from defoliation may decrease over the course of the summer (Mattheis et al. 1976; Maschinski & Whitham 1989; Hik & Jefferies 1990) , especially in the Arctic where the growth season is short. Secondly, plant regrowth after grazing can be affected by the number of grazing events and their frequency (Hik et al. 1991) . Thirdly, faeces deposited by herbivores is a major factor affecting plant growth, especially in a severely nutrient-limited ecosystem such as arctic tundra. Indeed, the addition of faeces to experimental plots in tundra soils resulted in significant increases of the standing crop (McKendrick et al. 1980; Bazely & Jefferies 1985) . Faeces contain a high amount of soluble nitrogen which is rapidly returned to the soil and readily absorbed by the plants. This was a key factor in explaining the increase in production of grazed plants above that of ungrazed ones in the saltmarshes of Hudson Bay (Hik & Jefferies 1990 ).
Most previous goose grazing studies have only looked at the growth response of above-ground parts of plants. Arctic graminoids have considerable belowground reserves (Muc 1977) , but little is known about the dynamics of carbohydrate reserves in grazing experiments (Belsky et al. 1993) . These reserves may play a key role in the rapid regrowth of plants after grazing (Mattheis et al. 1976; Archer & Tieszen 1980 , 1983 Turner et al. 1993) .
We studied the interaction between greater snow geese (Chen caerulescens atlantica L.) and two arctic graminoid plants growing in polygon fens, Dupontia fisheri R. Br. (a grass) and Eriophorum scheuchzeri Hoppe (a sedge). A moderate to high proportion of the fen's standing crop is grazed every year on Bylot Island and this grazing does not enhance the aboveground primary production (Gauthier et al. 1995) . In this study, we examined factors that affected the growth response of plants to goose grazing. We conducted controlled grazing experiments with captive goslings in order to evaluate (i) whether the timing and the frequency of grazing affected the growth response of Dupontia and Eriophorum, (ii) whether goose faeces stimulated plant growth and (iii) whether grazing affected carbohydrate reserves stored by plants in their below-ground parts during the summer.
STUDY AREA
The field work was conducted in a glacial valley (50 km2) on the south-west plain of Bylot Island, Canada (73?N, 80?W) . This area is the site of the most important breeding colony of the greater snow goose in the Arctic (Reed et al. 1992) . The major class of wetlands in the area consists of multiple broad, shallow polygons forming extensive wet, moss covered fens dominated by grasses (Dupontiafisheri, Pleuropogon sabinei R. Br.), sedges (Carex aquatilis var. stans Drej., Eriophorum scheuchzeri and Eriophorum angustifolium Honck.) and several species of brown mosses (Gauthier et al. 1995) . Sites located in polygon fens dominated by Dupontia fisheri and Eriophorum scheuchzeri were chosen to carry out the experiments because they have the highest nutritive value for goslings and are the preferred habitat of broods on Bylot Island (Manseau & Gauthier 1993; Hughes et al. 1994) . The most intense grazing by geese occurs in July and August after hatching of goslings (Gauthier et al. 1995) . In 1993, median hatch date on Bylot Island was 3 July and goslings started to fly around 18 August. Experimental sites used in 1993 had been grazed by wild geese in previous years, although grazing was very light in the preceding year because of an almost complete breeding failure of geese in 1992.
Methods

EXPERIMENTAL DESIGN
To test our hypotheses, three factors were manipulated: grazing (presence or absence), faeces (presence or absence) and the regime (timing and frequency of grazing: once early, mid or late in the season, or on all three occasions). As only one control treatment (ungrazed without faeces) was used for the four regimes, this yielded an incomplete factorial design with 12 experimental units and one control (Fig. 1 within 2 km of each other. A site usually consisted of one low centre polygon (sometimes up to four adjacent polygons) dominated by Dupontiafisheri and Eriophorum scheuchzeri. The proportion of each species was -50:50 in each polygon as evaluated prior to plot establishment. In the field, each treatment was randomly assigned to individual 3-m x 3-m plots that were protected from grazing by wild geese by a chicken wire fence, 45 cm high. Exclosures were set up at the end of June before use by goose families.
GRAZING TRIALS
To conduct experiments on the response of plants to defoliation by grazing, we used captive goslings in grazing trials rather than clipping plants. We felt that this was a superior approach as some authors have noted differences between clipping and actual grazing experiments (e.g. Archer & Tieszen 1980) . All experiments were conducted during the summer of 1993. Twelve newly hatched goslings were taken from nests in early July and imprinted on humans (see Manseau & Gauthier 1993 for details) . Goslings grazed freely during the day on the tundra and were fed at night with a commercial game ration (20% protein) in cages.
On experimental days, goslings were brought to the field in the morning and were allowed to graze for one hour before placing them inside the experimental plots. Our target was to let the goslings graze about 40% of the green phytomass at each trial. Because goslings grow during the summer, the number of goslings used and the duration of the trials (time spent grazing by the goslings) were adjusted in order to maintain a constant grazing pressure (Table 1 ). This could be estimated a priori using the food intake rate data of Manseau & Gauthier (1993) . The time spent grazing by two randomly chosen goslings in the central 2-m x 2-m portion of the enclosure was monitored with a stopwatch. Because goslings spent more time near the fenced sides of the plots than in the central area, only the time spent grazing in the central area was monitored to ensure a uniform grazing pressure. Goslings were removed when the cumulative time spent grazing by the two monitored goslings in the central part of the exclosure (which represented 45% of the total area of the plot) was equal to the targeted time (Table 1) . Goslings grazed successively on all the experimental plots over a 2-3-day period. Grazing were imposed once early, mid or late in the season for the timing experiment, or on all three occasions for the repeated grazing treatment in the frequency experiment (Fig. 1) .
All gosling faeces were removed from the grazing treatments without faeces within a few minutes of being produced, and kept in a plastic bag. At the end of each trial, the faeces were transferred to plots which represented ungrazed treatments with faeces addition.
VEGETATION SAMPLING AND ANALYSES
To evaluate the effect of our treatments, we measured the net above-ground primary production (NAPP) and the net above-ground height production (NAHP). NAPP and NAHP at the end of the summer were defined, respectively, as the summation of all positive increments in above-ground phytomass and plant height measured at two-week intervals throughout the experiment (on plots grazed by goslings, the two-week increment was calculated using plants sampled before grazing). Our NAPP and NAHP values covered the period from 11 July to 19 August, which corresponds to the period when grazing by goose families occurs on Bylot Island. Because a significant amount of production occurs between 15 June and 11 July (Gauthier et al. 1995) , our estimates are lower than the annual NAPP and NAHP.
To calculate NAPP and NAHP, we sampled phytomass in all treatments on the same dates that grazing trials were conducted ( Fig. 1) , and at an additional date (19 August) two weeks after the last grazing trial. When an experimental plot was grazed by goslings, two samples were taken (one before and one after grazing). One sample consisted in three 10-cm x 10-cm x 10-cm pieces of turf randomly removed inside the 2 m x 2 m central portion of each plot. No samples were taken within 30 cm of previous samples to avoid any confounding effects associated with the clonal growth form of Dupontia and Eriophorum. The pieces of turf were sorted within four days following their sampling. Individual tillers of graminoid plants were extracted with most of their root system still 908 Growth response of arctic graminoids to grazing Table 1 . Dates on which experiments were conducted in various blocks in 1993; number of goslings per plot, time allowed to graze, age and mass of goslings (mean + SE) used to maintain a constant grazing pressure in the experimental plots across the season attached and sorted out by species (Dupontia and Eriophorum accounted for almost 100% of the tillers). The number of tillers was counted, and one measure of plant height was taken from the level of the moss carpet to the tip of one randomly chosen tiller for each species on each turf. Above-ground phytomass was then separated from below-ground materiel at the lowest leafing node (Mattheis et al. 1976) . Hence, the above-ground parts included the green leaves and stem as well as the white basal stem growing through the moss, whereas below-ground included the roots and rhizomes. Dead material attached to live tillers was included in the samples and could represent up to 30% of the phytomass early in the summer, but generally < 20% at the other sampling dates. The materiel was oven-dried at 45?C to constant mass and stored in polyethylene bags. In the laboratory, plants were re-dried and weighed ( 0.001 g). All phytomass data are reported on a dry mass basis. Plants collected at the last sampling (19 August) were ground in a ball mill to uniform particle size (20 mesh size). Total nitrogen concentration *of above-ground plant part collected at the last sampling was determined by combustion using an autoanalyser LECO CNS 1000 (St. Joseph, Missouri). The total non structural carbohydrates (TNC) of below-ground material were measured using the semiautomated procedure of Weir et al. (1977) . This colorimetric method assays soluble carbohydrates released by an enzymatic reaction. Fructose was used for the standard curve. Only material obtained from the treatment ungrazed with no faeces (control) and the treatment grazed three times with faeces were analysed at all four sampling dates.
STATISTICAL ANALYSES
The amount of phytomass removed by goslings during the grazing trials was calculated as the difference between the phytomass sampled before and immediately after grazing. This difference was analysed using one-tailed paired t-test for each species on each sampling date. The difference was also used to estimate the percentage of phytomass and NAPP consumed. The effect of the various treatments on the aboveground phytomass of plants, their height, tiller number, total nitrogen, NAPP and NAHP at the end of the summer (i.e. on the last sampling date, 19 August) was first tested using a one-way ANOVA. To evaluate the effect of each factor (grazing, faeces and regime), several pairwise contrast tests were applied. These tests were selected a priori according to our initial hypotheses, namely the effect of timing and frequency of grazing, faeces addition, and their interactions.
The total nonstructural carbohydrates (TNC) were compared using an ANOVA with a repeated measures design. Factors were date (11 July, 23 July, 3 August and 19 August) and grazing treatment (ungrazed with no faeces and grazed three times with faeces).
All data passed Levene's test for homogeneity of group variance. All analyses were performed with SAS institute software (1991). The level of significance was set at P < 0.05. Mean + SE are reported throughout.
Results
GRAZING LEVEL
In plots grazed only once, goslings consumed an average of 4.6 + 1.5g m-2 of Dupontia and 10.8 + 3.0g m-2 of Eriophorum in the early season trials (P = 0.2 and P = 0.02, respectively; paired t-test of phytomass before vs. after grazing), which represented 17% 
In plots grazed three times, goslings consumed a total of 18.5 + 4.3g m-2 of Dupontia and 22.2 + 6.4 g m-2 of Eriophorum (P < 0.05 for the early and mid-season trials; P > 0.1 for the late-season trials) which represented 38% and 52% of the aboveground phytomass available, respectively. Goslings consumed a higher proportion of the Eriophorum phytomass than Dupontia excepted in the late season trials.
The proportion of NAPP consumed by goslings in plots grazed once decreased from early to mid and late season for both Dupontia (28%, 24% and 20%) and Eriophorum (47%, 35% and 24%). In plots grazed three times, proportion of NAPP removed by goslings was similar during the early and mid-season trials, but decreased in late season trial (Dupontia: 34%, 39% and 21%, Eriophorum: 36%, 42% and 4%). The proportion of the NAPP consumed by goslings when the phytomass removed was summed over the three grazing trials was 82% for Dupontia and 86% for Eriophorum.
EFFECT OF TIMING AND FREQUENCY OF
GRAZING
Even though goslings removed a significant amount of phytomass in all trials, except the late-season trial, the above-ground phytomass at the end of the summer of both Dupontia (Table 2 ; Fig. 2 ) and Eriophorum (Table 3 ophorum. Although phytomass did not differ, plants of both species were taller at the end of the summer in ungrazed treatments than in grazed ones (Tables 2  and 3 ). However, plants responded differently among grazing regimes, as shown by the interactions between grazing and regime. In both Dupontia and Eriophorum, the timing of grazing had an effect on plant height, as plants grazed once in late season were taller at the end of the summer than those grazed once Table 2 . The effect of grazing (presence or absence), faeces (presence or absence) and the regime (timing: early, mid or late in the season; frequency: once or three times) on above-ground phytomas, net above-ground primary production (NAPP), aboveground height, net above-ground height production (NAHP), tiller number and total nitrogen of Dupontiafisheri at the end of the summer (19 August Growth response of arctic graminoids to grazing Table 3 . The effect of grazing (presence or absence), faeces (presence or absence) and the regime (timing: early, mid or late in the season; frequency: once or three times) on above-ground phytomass, net above-ground primary production (NAPP), above-ground height, net above-ground height production (NAHP), tiller number and total nitrogen of Eriophorum scheuchzeri at the end of the summer (19 August earlier in the season (Tables 2 and 3 ; Fig. 3 ). Frequency had little effect except that plants grazed once late in the season were taller at the end of the summer than those grazed three times. NAPP at the end of the summer of both Dupontia (Table 2 ; Fig. 4 ) and Eriophorum (Table 3 ; Fig. 4 timing of grazing had no effect on tiller elongation as plants grazed only once all had the same NAHP regardless of the date. However, in Dupontia frequency had an effect as the NAHP of plants grazed three times was 1.5 times higher than plants grazed only once (Fig. 5) . The same trend was observed in Eriophorum, although differences were not significant (Table 3 ; Fig. 5 ). The grazing regime did not affect the number of tillers at the end of the summer (Tables 2 and 3 ). Tiller number in ungrazed and grazed treatments averaged, respectively, 2746 + 220 and 2894 + 187 tillers m-2 for Dupontia and 2342 + 387 and 2513 + 378 tillers m-2 for Eriophorum. Production of axillary shoots, a common response in grazed plants, was not observed in our experiments.
Goose grazing had an impact on the nitrogen concentration of plant tissue. Nitrogen concentration of above-ground phytomass at the end of the summer was higher in grazed than in ungrazed plants in both Dupontia (Table 2; 1.57 + 0.04% vs. 1.46 + 0.02%, respectively) and Eriophorum (Table 3; 1.98 + 0.06% vs. 1.46 + 0.02%). Timing of grazing had no effect on nitrogen concentration in either species. Frequency of grazing affected nitrogen concentration of Dupontia as plants grazed three times had more nitrogen (1.75 + 0.05%) compared to those grazed only once (1.51 + 0.02%). Eriophorum plants showed similar trends although significant differences in nitrogen concentration were only found in plants grazed three times (2.16 + 0.02%) compared to those grazed once late in the season (1.82 + 0.06%; Table 3 ). None of the variables measured (above-ground phytomass, plant height, NAPP, NAHP, tiller number and nitrogen concentration at the end of the summer) in either Dupontia (Table 2) or Eriophorum (Table  3) Concentration of TNC in below-ground parts increased throughout the summer in both Dupontia and Eriophorum (Fig. 6 ). In Eriophorum, TNC level differed between ungrazed plants and those grazed three times during the season (Fig. 6) . TNC levels were similar at the start of the experiment (1 1 July) in both treatments (22%), but after three grazing events, TNC level in below-ground parts of Eriophorum was 26% on 19 August compared to 35% in ungrazed plants.
Trends were similar in Dupontia, although differences in TNC level between grazed and ungrazed plants were not quite significant (Fig. 6 ).
Discussion TIMING AND FREQUENCY OF GRAZING
The absence of an effect of timing and frequency of grazing on the NAPP of Dupontia and Eriophorum at the end of the summer shows that production of these Growth response of arctic graminoids to grazing two species was little affected by goose grazing. Gauthier et al. (1995) also found no effect of grazing by wild geese on the NAPP of Dupontia and Eriophorum, except at the highest grazing level where the production of Dupontia decreased slightly. When leaves were removed by geese, plants grew new foliage after each defoliation. Leaf regrowth was also higher in plants grazed repeatedly than in those grazed only once as NAHP of plants grazed three times was 50% higher compared to those grazed only once. A higher grazing frequency also resulted in a higher nitrogen concentration at the end of the summer which further suggested that leaf regrowth was sustained in plants that were defoliated several times. However, neither nitrogen nor NAHP were affected by the timing of grazing. Thus, although other studies have shown that the ability of plants to respond to damage decreases as their phenological development progresses throughout the season (Maschinski & Whitham 1989; Hik & Jefferies 1990; Hik et al. 1991 ), it appears that the ability of both Dupontia and Eriophorum to regrow was maintained regardless of the date in the season.
There may be two reasons why we failed to detect an effect of timing of grazing in our experiments. First, because our trials started on 11 July, almost a month after plant growth had started, we cannot exclude the possibility that earlier grazing could have affected the plants differently. However, grazing is negligible during this period on Bylot Island because goslings always hatch in the first 10 days of July. Secondly, the grazing intensity in our late summer trial may have been too low (goslings consumed half as much of the available phytomass in the last trial than in the previous ones and the amount of phytomass removed was not significant). The low grazing pressure during the last trial may explain why plants grazed once late in the season were taller at the end of the summer than those grazed once earlier in the season.
The proportion of NAPP of Dupontia and Eriophorum consumed by goslings in our repeated grazing treatments (82% and 86%, respectively) was similar to values reported by Gauthier et al. (1995) in areas heavily grazed by geese on Bylot Island (60% to 100%; NAPP calculated from the beginning of the season in mid-June in this case). In our single grazing treatments, the proportion of NAPP consumed ranged from 20% to 47% which corresponds to a moderate grazing level. However, one has to remember that goslings grazed only the leaves or green stems of plants, whereas our estimates of above-ground phytomass included the white basal stem buried in the moss. These latter parts represent an important proportion of our above-ground phytomass (up to 40%) which was not exposed to grazing in our experiments. Basal stems are eaten by geese only when green phytomass is absent (e.g. at snow-melt in spring; Gauthier 1993) or late in the summer when leaves have senesced.
The absence of differences in above-ground phytomass at the end of summer between grazed and ungrazed plants is puzzling, since goslings removed phytomass and grazed plants produce as much NAPP as ungrazed plants. Differential reallocation of substrate among plant parts in grazed and ungrazed plants could explain this paradox. In Eriophorum vaginatum, Archer & Tieszen (1980) showed that reserves were mobilized from sheath and basal stem to support leaf production after clipping. Thus, while ungrazed plants were translocating photosynthate to basal stems and rhizomes during the summer, grazed plants were probably drawing upon reserves in the same tissues to support regrowth. The end-result of these two processes would be a similar above-ground phytomass (leaves and basal stem) at the end of the summer, but a decrease in below-ground reserves in grazed plants. Our TNC results are consistent with this hypothesis (see below).
BELOW-GROUND RESERVES
After the flush of green leaves in spring, both Dupontia and Eriophorum started to accumulate sugars (TNC) in their below-ground parts as early as mid-July. This is an important and general phenomenon in graminoids, especially in the Arctic (Allessio & Tieszen 1975a,b) . The smaller amount of sugars accumulated by plants grazed repeatedly can be explained by the reduction of green leaf area which decreased the amount of sugars produced and hence the amount translocated to below-ground parts. However, this response of plants can not explain the similar amount of NAPP and above-ground phytomass found in grazed and ungrazed plants at the end of the summer as noted before. Most likely, a mobilization of some of these stored reserves also occurred to supply regrowth. Turner et al. (1993) suggested that storage of labile carbon reserves in pools readily accessible to the plant allows rapid mobilization after grazing and is an important adaptation to grazing. Archer & Tieszen (1980) obtained similar results in Eriophorum vaginatum and also concluded that leaf production following the loss of tissues was at the expense of below-ground reserves. The above-ground parts of perennial grasses in the Arctic are usually regenerated each year and the organ of perennation is the root system and stem base (Larsson & Steen 1984) . Chronic grazing could eventually lead to a diminution of vegetative reproduction due to reserve depletion as the development of new tillers in arctic graminoids depends heavily upon an import of carbohydrates from other parts of clone (Tieszen & Wiedland 1975; Mattheis et al. 1976 The addition of faeces and urine with a high concentration of soluble nutrients that can be rapidly recycled by plants is an important factor involved in sustaining a vigorous regrowth of plants after grazing by herbivores (McNaughton 1979; Jefferies et al. 1994) . Along Hudson Bay, goose faeces were a key factor in explaining the increased production of grazed plants (Cargill & Jefferies 1984; Bazely & Jefferies 1985; Hik & Jefferies 1990 ). This is not surprising because nutrients released from faeces, such as nitrogen and phosphorus, are generally limiting for plant regrowth in the Arctic (Chapin et al. 1980 ). However, on Bylot Island goose faeces did not stimulate plant growth in either grazed or ungrazed plants.
One hypothesis that could explain why nutrients from faeces did not appear to be recycled by graminoids in our freshwater ecosystem is that brown mosses are competing with vascular plants for the nutrients. Unlike many other grazing systems, including the coastal salt-marshes grazed by geese along Hudson Bay, mosses are an ubiquitous component of the polygon fens in the High Arctic. Bryophytes for the most part have unistratose leaves with a high cation exchange capacity (Schofield 1985) . Mineral uptake in bryophytes is aided by the large surface area to volume ratio and the low surface resistance to ion uptake in solution resulting from poorly developed cuticles. Hence, the moss layer may absorb most of the nutrients leached from faeces. Vascular plants such as Dupontia and Eriophorum, with their root system growing through the decomposing parts of mosses (Mattheis et al. 1976; Chapin et al. 1980) , would eventually absorb some of these nutrients following the breakdown of mosses. Thus, the time between faeces deposition and the time that nutrients become available to vascular plants may be very long, perhaps more than one growing season. This possible effect of mosses and the ensuing delay in nutrient recycling may therefore explain why graminoids did not increase their production in our grazing experiments.
Conclusion
Grazed plants in our ecosystem compensated for the loss of above-ground tissues and maintained production at a level similar to ungrazed plants. However, grazing did not lead to increased production (i.e. overcompensation) as predicted by McNaughton's (1983) model perhaps because of competition with mosses for nutrients released from faeces. The compensation response obtained in this study indicates that plants were well able to tolerate the grazing level used in our experiment during one growing season. However, this compensation also resulted in a cost to the plants in terms of reduced below-ground reserves. Therefore, in terms of the whole plant, we cannot conclude that grazing was beneficial, but rather that the plants responded to grazing in such a way that damage was minimized.
